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Forensic science is the application of science in answering questions of legal importance. It is an 19 interdisciplinary field comprising different subject areas, actors and organisations across 20 scientific and legal disciplines. Devoted to the administration of safe justice, forensic science 21 plays a crucial role in the criminal justice system (CJS). It can assist law enforcement authorities 22 and the courts in the resolution of crime by facilitating the identification and apprehension of 23 crime perpetrators. The use of forensic science involves a wide array of activities ranging from 24 crime scene evidence gathering, developing investigative strategies, generating investigative 25 leads through different lines of inquiry, and the processing of evidential materials that are of 26 probative value in a relevant case. The different dimensions in which forensic science can be 27 used present several complexities that impact its value within the legal system [1] . 28
Forensic science uses several scientific, technological and technical applications. The most 29 common of these are fingerprint and finger-mark analysis, DNA testing, firearm and tool mark 30 examination, drugs and toxicological analysis, and forensic pathological analysis. Modern or 31 new forensic science applications include facial comparison, video and audio analysis, digital 32 forensics and new technologies that improve upon the traditional forensic applications. Efforts to 33 consolidate the benefits of forensic science have improved globally [2] , with an increasing trend 34 in cross-border collaborations through the transnational exchange of forensic data [3] . However, 35
harnessing the capabilities of forensic science comes with the costs of establishing laboratories, 36 training personnel, and developing appropriate policies and systems for quality control and 37 assurance. These costs, inevitably, present difficulties in pursuing forensic science and its usage 38 may be limited to the availability of sufficient funds [4] . This may be more pronounced in 39 developing countries. 40
The use of forensic science is recognised in Ghana's adversarial criminal justice and civil 41 systems. The Forensic Science Laboratory (FSL), a division under the Criminal Investigation 42 Department (CID) of the Ghana Police Service (GPS), serves as the main provider of forensic 43 science services to law enforcement agencies across the country. With a history since 1948, the 44 FSL has grown both in infrastructure and scope of forensic science capabilities [5] . In 2011, the 45 FSL was refurbished under the European Union -Ghana Police Project flagship programme with 46 a £3 million funding [6] . The scope of services provided by the laboratory are covered under the 47 sections of Chemistry and Drug Analysis, Ballistic and Firearms, Document Examination, 48
Photography, and DNA analysis [5] . The FSL aims to provide quality scientific analysis to 49 private and public institutions in Ghana and other neighbouring countries in the sub-Saharan 50 region, as well as to strengthen criminal investigations with timely and cost-effective services 51
[6]. 52
There is currently limited information about the technical operation and performance of the FSL 53 in the public domain. A review of information from several media sources suggests that the FSL 54 may be functioning below its capacity. For instance, the refurbishment of the laboratory in 2011 55 was regarded as a step forward in obtaining and maintaining international accreditation [7] . 56 Notwithstanding, this milestone has not been achieved and the forensic science field is 57 challenged with a limited number of qualified experts [8] and frequent media reports of tampered 58 evidence [9] . The root cause of the challenges in forensic science provision is complex and 59 overlaps in areas of funding and resources, management and governance, and policy, which 60 imply a low-priority status for forensic science in Ghana. 61
Characteristic of other developing countries, crimes such as trafficking of illicit drugs, armed 62 robbery, kidnappings, sexual and violent offences, cybercrime and arson-linked fire outbreaks 63
are not uncommon in Ghana. These crimes presuppose the need for integration of varied 64 innovative forms of crime-solving capabilities into traditional policing operations. Whilst the 65 police continue to receive support in areas of traditional policing [10] , capacity building in 66 forensic science is low. This may partly be due to an inadequate appreciation of forensic science 67 as the police rely mainly on public intelligence, tip-offs and witness/suspect interrogations 68 during criminal investigations. The effects of these are evident, with a lack of professionalism in 69 physical/forensic evidence collection and management, and gaps in investigative leads. 70
Sometimes, confiscated drugs evade tracking and possession from law enforcement custody 71 [11, 12] . Further, high-profile cases with potential forensic interest continue to make headlines, 72 including rape cases, murder and kidnapping involving local and foreign nationals [13, 14] . The 73 investigation of these cases is often met with difficulties of needless delays, poor crime scene 74 management and evidence handling, and sometimes the outcome of investigations are unknown. 75
As a pivot of forensic science, a sound policy ensures that forensic science is delivered in a 76
context that assures justice and identifies and protect against miscarriages of justice. This paper 77 responds to the poor and under-utilisation of forensic science in Ghana by analysing the key 78 policy-related issues of forensic science service provision. The overall aim of the review is to 79 provide relevant recommendations for change based on current international "best practice". The 80 paper provides a foundation that could assist policymakers in developing appropriate policies to 81 govern forensic science and maximise its utility. The key areas of forensic science provision that 82 are scrutinised in this paper are legislation, governance framework, forensic science service 83 provision, quality assurance and control, impact on the criminal justice system, forensic science 84 education, and research and development. testing is essential because it allows the court to accurately assess the weight of the evidence and 366 inform any verdict and sentence given by the trier of fact or jury. 367
Box 1 -Case Study on the use of forensic drug analysis
Iddrisu Yobi
On 18 May 2017, two law enforcement officers (a police officer and a Bureau of National Investigation (BNI) officer) at Asankragwa in the Western Region of Ghana found a group of young men smoking a substance that was suspected to be cannabis. The officers were able to arrest one member of the group, Iddrisu Yobi, while the other suspects fled. The officers recovered money, 104 wrappers of suspected cannabis in a bag and other items from Yobi. At the police station, Yobi declared in a statement that the items (exhibits) belonged to him. The statement was made in the presence of an independent witness. Yobi was accused of illegal drug possession in an arraignment hearing before the Tarkwa Circuit Court and remanded pending forensic testing of the substance by the FSL of the Ghana Police Service. On 27 August 2017, the report of scientists at the FSL confirmed the seized substance (the 104 wrappers) to be cannabis, including 144.87g of dried leaves and 757.72g of seeds. Yobi was subsequently charged with the offence which he pleaded guilty and was sentenced by the Circuit Court to 10 years in prison custody.
Source: Addo, A. E. (2018, May 26). Drug dealer jailed 10 years in Tarkwa. Retrieved June 17, 2019, from http://www.ghananewsagency.org/human-interest/drug-dealer-jailed-10-years-in-tarkwa-133206
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Another example of a case that involved forensic science is the exoneration of Eric Asante in 369 2017 (Box 2). In contrast to the above, this case study illustrates how forensic science can be 370 used to resolve or correct miscarriages of justice. It also shows the potential dangers of eye 371 witness account. Further, the case study supports the importance of ensuring that the overriding 372 duty of a forensic scientist is to justice rather than working for either prosecution or defence. 373
This reinforces the argument about adopting a forensic science governance framework that is 374 transparent and independent and protected from organisational biases. 375
Box 2 -Case Study on the use of forensic DNA analysis
Eric Asante
In early November 2003, a 14-year old junior high school girl was found by her uncle-inlaw writing a love letter to one Mr Eric. The content of the letter indicated she had met Mr Eric the previous day and "given him what he wanted". She thanked Mr Eric for giving her money and expressed her love for him. She further explained that she was unwell and thus will not be able to visit him. The uncle-in-law alerted the mother and auntie of the girl who questioned her about the letter. She disclosed that Mr Eric is her teacher and boyfriend. The report of the DNA test was adduced as new evidence in the appeal case in July 2016. The DNA result excluded Mr Eric Asante as the father of the child and the initial conviction was quashed in January 2017. However, the Court stated that the "appellant is not entitled to an acquittal on the sole ground that the DNA evidence excludes him". Nevertheless, in their "judgment, the DNA evidence does tremendous damage to the credibility of the victim and her disposition to speak the truth, in this case, is put in serious doubt".
Source: Asante v Republic [2017] GHASC J3/7/2013 (Available from https://ghalii.org/gh/judgment/supreme-court/2017/3)
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In summary, the two case studies above show the dual effects of forensic applications in 378 convicting and exonerating individuals in the criminal justice system. There is also a wide range 379 of opportunities for the application of forensic science in humanitarian cases. For example, on 3 380
June 2015, more than 150 individuals lost their lives in the "twin" fire and flood disaster [54] . 381
Some of the challenges encountered in this case included poor scene management and 382 inadequate forensic science support. As a result, burnt bodies were crammed into vehicles and 383 deposited at various morgues. Further, there were no or inadequate processes (such as DNA 384 identity testing) to identify the bodies and missing persons. Lastly, there was a poor forensic 385 investigation into the cause of the fire and flood due to lack of expertise [55] . collaborative model is currently a core part of the UCC programme. This will not only ensure 406 that graduates are adequately prepared to meet the challenges of forensic science practice but 407 also enhance the quality of forensic services to the legal system and law enforcement. The NAB accreditation process is not only centralised but unnecessarily cumbersome and 423 requires an urgent review. Per their roadmap, a hitch-free application takes at least 162 working 424 days to arrive at a decision and at least 282 working days if an unfavourable decision is 425 challenged. These timelines are, however, only for guidance since actual turnaround times are 426 stringently tied to how long it takes to assemble the relevant elements of the process. 427
Decentralisation of operations through the establishment of regional NAB secretariats with 428 decision-making powers should reduce accreditation time span. Further, elimination of the 429 manual-based application forms for an online one, the progress of which is trackable via an 430 applicant login upon submission of a full application (and paying the required fee), would be 431 efficient as well as ensure effective documentation and institutional memory. Institutions will be 432 able to respond to any queries promptly online and would not have to travel to the NAB 433 headquarters in Accra -as is currently the case -to follow up and or resubmit corrections. programme suitability, core content, practical and/or training components from a multi-faceted 452 perspective instead of just through a purely academic lens. This degree accreditation model will 453 ensure: 454 1. the integration of "current global best practices"; and 455
2. the feasibility of the proposed training given the indicated resources rather than "enticing 456 course content". 457
In this respect, the FSSG, in collaboration with NAB and other international bodies, could be 458 instrumental in the development, evaluation, monitoring and enforcement of forensic education 459 standards. This collaborative initiative will ensure that forensic education policies and 460 accreditation are robust, safeguarding high-quality education and training of forensic scientists 461 in Ghana. 462
Infrastructural Capacity 463
The Forensic science programmes at KNUST primarily rely on the already well-established 464 teaching and research facilities in departments at sciences, medicine and computer science 465 faculties. The institution has, however, strived to acquire discipline-specific facilities to enhance 466 content delivery and training. KNUST has partnered the E-Crime Bureau, impact, education and training, and research and development. The main objective of the review 542 was to identify key policy issues and provide relevant recommendations drawn from 'best 543 practice' in countries that are more advanced in forensic science. The review is important 544 because it provides a groundwork to assist policymakers in implementing appropriate policies to 545 improve the application of forensic science in Ghana. As highlighted in the review, the 546 realisation of the ultimate purposes of forensic science (including the safe delivery of justice) is 547 dependent on the quality of its fundamental policies and legislation. The key issues identified in 548 the review and corresponding recommendations are summarised below. 549 Legislation: Policymakers should consider best practice from other countries and implement 550 appropriate legislation to govern the use of DNA, fingerprints and other biometrics. This is 551 relevant because the police have already begun creating forensic information databases. 552
To prevent miscarriages of justice, it is highly recommended that policymakers and relevant 553 stakeholders codify the admissibility tests for expert opinion evidence by drawing from 554 international best practice. 555
Governance: An independent forensic governance approach through the creation of an 556 independent forensic institution or through the leadership of an independent Regulator or Board 557 is recommended. This can help prevent the potential risk of bias in the current police-led 558 framework of governance, ensure discipline and priority for forensic needs, budgetary allocation 559 and generation of funds. 560
Forensic service provision: Clear guidance on terms of service provision by the FSL to the 561 police and other forensic users should be drafted. Further, a national policy on forensics should 562 include appropriate funding and resourcing arrangements to sustain the forensic market. This 563 may include public-private partnerships and national-regional grant schemes or collaborations to 564 address resource and funding needs. 565 A decentralised model of service provision should also be developed to ensure the timely 566 deployment of forensic services across the regions of Ghana. 567
Quality assurance: The lack of accreditation and regulatory bodies to oversee the quality of 568 forensic science provision poses a risk to justice. Thus, a national forensic quality policy should 569 be established that requires the adoption of the ISO 17025 and ISO 17020 for forensic service 570 providers. This should be supported by the GSA, the proposed GNAS, the FSSGH, GPS and 571 other relevant bodies. 572
Impact of forensic science: An evaluative programme should be established under an 573 appropriate governing body to monitor and report on the impact and effectiveness of forensic 574 science in the legal system. This will ensure that key challenges/issues are identified and 575 resolved. Further, such information may enhance public support for the application of science in 576 the legal system. 577
Forensic science education: To develop existing degree programmes into internationally 578 acceptable standards, an accreditation model led by a forensic society (such as the FSSGH) or 579 experts should be adopted. 580 Also, the curriculum for forensic degree programmes should integrate close partnership and 581 interaction with practitioners, forensic service providers and international higher education 582 institutions. 583
Forensic science research: A national policy on forensic science should include a research 584 framework that coordinates all forensic research activities in the country. A Forensic Science 585
Research Institute (FSRI) may be created for this purpose with a focus on addressing research 586 gaps in industry or practice. 587
